The role of cell-mediated immunity in the host response to syphilis has not been clearly elucidated. Information provided by several reports suggests that cell-mediated immunity is suppressed in the early stages of the disease (2, 7, 12, 21) . Consistent with these data is the observation that delayed-type skin reactions to Treponema pallidum are usually elicited in late, active syphilis, whereas negative reactions have been found in primary and secondary syphilis (21) . Also, a depletion of lymphocytes in the paracortical areas of lymph nodes has been observed in patients with early syphilis (19) . In addition, reduced levels of blastogenesis to phytohemagglutinin and treponemal and nontreponemal antigen have been described in cases of human syphilis to which the in vitro lymphocyte transformation test (3, 6, 10) had been applied.
In experimentally induced disease, a reduced number of lymphocytes was detected in the spleens of neonatal rabbits infected with T. pallidum (2) . Poor in vitro responses to concanavalin A (12) and phytohemagglutinin and pokeweed mitogen (11) have been reported in T. pallidum-infected rabbits. In two studies with peripheral blood leukocytes in the migration inhibition test, inhibition of migration occurred only in the later stages of T. pallidum infection (4, 20) . In this current study, the macrophage migration inhibition test was used to assess the response of peritoneal exudate cells (PEC) from Migration inhibition factor assay. The direct macrophage migration inhibition test was performed as previously described (1) Migration inhibition factor production from control rabbits. Figure 2 illustrates the biweekly response of rabbits injected with heatkilled T. pallidum Nichols. During the 15-week period, macrophages from these animals were (Fig. 3) ..
Migration inhibition factor production from T. pallidum-infected rabbits. Between 3 and 15 weeks after infection, an inhibitory effect occurred when PEC from T. palliduminfected rabbits were exposed to either 10 or 25 ,ig of Reiter protein per ml (Fig. 4) . Before this period, the response of these cells generally remained unchanged. At a concentration of 3 the PEC and/or antigen-binding activity of macrophages (14) . After incubation with the appropriate antigen, immunocompetent cells release soluble mediators known as lymphokines, one of which has been shown to inhibit macrophage migration (13) . The inhibitory effect observed in our infected animals can be interpreted as being a response by sensitized cells to antigenic determinants of T. phagedenis biovar Reiter, which are shared with the virulent T. pallidum Nichols (9). Our findings parallel the results of others. When the leukocyte migration test was employed with the Reiter treponeme as antigen, inhibition of migration occurred only in patients with late, active syphilis (4). A similar pattern has been reported with peripheral blood leukocytes from rabbits several weeks after T. pallidum infection (20) . However, unlike the previous studies, we were unable to demonstrate a significant degree of enhanced migration of PEC in the early stages of T. pallidum infection. For the most part, PEC remained unresponsive during this period. In addition, the levels of inhibition detected with PEC from infected rabbits in this study were more severe than responses reported by others. These inconsistencies may be due, in part, to different preparations or concentrations of antigen used. Also, variations in the sensitivities of macrophages used in our study and of peripheral blood leukocytes employed by other investigators as indicator cells could account for these discrepancies.
It has been suggested that there may be a relationship between the degree of sensitivity of PEC and the concentration of antigen used in the cell migration test (18) . This is reflected in our findings, since the inhibition phenomenon occurring several weeks after infection was max- imal when cells were incubated with the higher concentrations of antigen (Fig. 4) . Lymphoid cells in the early stages of syphilis may be, at best, weakly sensitized to treponemal antigen(s) and, thus, remain unaffected when cultured in the presence of 10 to 25 ,ug of protein per ml of Reiter protein. Then, in the later stages, the cells become strongly activated and are capable of responding well in vitro, especially to higher doses of antigen.
How are the cells of the immune system involved in the host reaction and how is this related to the pathogenesis of syphilitic infection? Although antibody formation appears to progress unimpaired, it is becoming increasingly apparent that the cellular limb of the immune response is defective in the early stages of syphilis and is mobilized at other stages. The in vitro mitogenic response of lymphocytes from patients with primary and secondary syphilis is depressed when these cells are exposed to phytohemagglutinin (6), treponemal (3) , and nontreponemal antigens (10) . Plasma or serum from patients with the early stages of the disease was found to cause reduced levels of blastogenesis of normal lymphocytes (5, 6) . During the first few weeks of infection, lymphocytes from T. pallidum-infected rabbits respond poorly after being cultured with concanavalin A (12) or phytohemagglutinin and pokeweed mitogen (11) . However, normal lymphoblastic responses were reached 5 to 6 weeks after initial infection in these animals. Some success has been obtained in inducing nonspecific resistance to Listeria monocytogenes in rabbits 3 to 5 weeks after a previous infection with T. pallidum (15) . By adoptive transfer techniques, it has been suggested that T-cells and possibly macrophages 653 VOL. 17, 1977 on October 26, 2017 by guest http://iai.asm.org/ Downloaded from are involved (16) . Nonetheless, attempts to protect rabbits from T. pallidum infection by vaccination with BCG, a known stimulator of the reticuloendothelial system, have been unsuccessful (17) .
In comparing the different in vitro parameters used to assess the presence or absence of cell-mediated immunity during T. pallidum infection, the data obtained in the migration assay correlate with the findings reported in our earlior transfornation experiments (11, 12) . We have demonstrated an abnornality in the responsiveness of lymphocytes from T. palliduminfected rabbits to T-cell mitogens 1 to 4 weeks after infection that, in turn, could account for the delay in the onset of significant migration inhibition factor production during the same period. In a similar manner, when T-lymphocyte reactivity was restored, as reflected by a return to normal levels of blastogenesis (usually after 5 weeks), maximal levels of migration inhibition were observed (Fig. 4) .
It is possible that the transient period of immunosuppression in syphilis could be the result of a modification of T-cell and macrophage function by blood factor or other cellular components of host or treponemal origin generated during treponemal infection. This condition, in turn, could account for the impairment of the release of soluble mediators (lymphokines) necessary for the activation and/or migration inhibition of macrophages and other phagocytes during early T. pallidum infection. The inability of the host to call forth effector cells such as macrophages to specific tissues and/or the capacity of T. pallidum to resist phagocytosis due to innate biological properties of the spirochete may delay the early destruction of virulent treponemes and contribute to widespread dissemination and establishment of the-microorganisms in selected host sites. Then, as the infection progresses to later stages, a transition in the immune status of the host may occur. Normal T-lymphocyte function is restored (11, 12) , and host defense mechanisms may then participate in treponemicidal activities as reflected by inhibition of macrophage migration several weeks after T. pallidum infection.
